Background: Neurological deterioration (ND) is common, with nearly one-half of ND patients
INTRODUCTION
Neurological deterioration (ND) following acute ischemic stroke is common, occurring in up to 40% of acute ischemic stroke patients. 1 While various definitions of neurologic deterioration have been utilized throughout the literature and no consensus has been reached, 2 our center has defined neurologic deterioration as an increase in the National Institutes of Health Stroke Scale (NIHSS) score (stroke severity score, with higher scores representing more severe strokes) by 2 or more points within a 24-hour period during hospitalization. 3 As we and others have shown, even a small worsening in NIHSS (as few as 2 points) has been associated with poorer prognosis when compared to patients who do not deteriorate. 3, 4 Previous studies have shown the association between ND occurrence and stroke severity on admission, 5, 6 the presence of large vessel occlusion, [7] [8] [9] history of coronary artery disease or myocardial infarction, 1,7 diabetes mellitus, 1,7,9,10 acute or chronic hyperglycemia, 1,7,11-13 elevated blood pressure, 13, 14 as well as early recurrent ischemic stroke 15 and symptomatic intracranial hemorrhage (sICH). 11, 16 While it has been shown that nearly one-half of ND patients deteriorate within the first 24-48 hours of the stroke, 1, [17] [18] [19] no study has described time to ND or investigated factors affecting time to ND. The primary objective of this study was to evaluate time to ND in ischemic stroke patients and to elucidate factors affecting time to ND. Our secondary objective was to determine if time to ND differed between patients with nonreversible and reversible causes of ND.
METHODS

Study Population and Data Source
Our hospital is a tertiary care referral center located in New Orleans which manages local patients in southern Louisiana as well as referred patients from facilities throughout the southeastern United States. All patients admitted to our center from June 2008 to December 2010 were screened via a prospective stroke patient registry as previously described. 20 This included direct hospital admissions, emergency department admissions, and transfers to our center from other hospitals. Only White and Black patients with ischemic stroke were included, as they represented the overwhelming majority of our center's patient population. For the purposes of this study, patients with an unknown time of last seen normal (LSN) or LSN over 48 hours prior to arrival, who experienced an in-hospital stroke, or who had incomplete time data were excluded. Patients who met inclusion criteria were monitored until the time of discharge for ND.
Variable Selection and Definition
We examined baseline characteristics, past medical history, home medication use, clinical presentation, stroke severity as measured by NIHSS, and laboratory findings, first by ND status and then by reversibility of ND etiology as part of a post hoc analysis of one previous investigation. 3 At our center, NIHSS on admission is determined during the first clinical encounter by the neurology resident (certified in NIHSS scoring) while subsequent NIHSS scores are determined daily by the neurology resident (and corroborated by the neurovascular attending) during morning rounds. If an episode of clinical deterioration is witnessed by other house staff, nursing staff, or other hospital team members, the event is recorded in the patient medical record along with an updated NIHSS score. To be classified as having an ischemic stroke, patients had to meet both clinical and imaging (tissue-based) criteria. ND was defined as an increase of 2 or more points on a patient's NIHSS within a 24-hour period, as previously described since this threshold has been associated with several poor outcome measures including discharge disability and death. 3 We used previously described etiologies as defined by Siegler et al. 21 Patients with ND secondary to progressive stroke, new stroke, or intracerebral hemorrhage were classified as having nonreversible ND due to the fact that these etiologies may produce or extend any areas of ischemic neurologic injury from temporary or permanent impairment in cerebral perfusion (in keeping with our prior definitions). Figure 1 , the observed mean time to ND for the 71 patients that experienced ND was 20 days. 
DISCUSSION
To the best of our knowledge, this is the first study to apply parametric models from survival analysis to examine time to ND and factors affecting time to ND in ischemic stroke patients. In our sample, higher NIHSS on admission and older age were associated with shorter time to ND.
In keeping with previous reports, we found that over half of the patients who experienced ND did so within the 48 hours of LSN. 1, [17] [18] [19] Beyond previous studies, we found the mean time to ND to be 20 days, with 25% occurring by 5.5 days. In addition, we found that despite having similar stroke severity and age, patients with nonreversible causes of ND had significantly shorter median time to ND when compared to patients with reversible causes of ND.
Our study has several limitations. The definition of ND at our center (2 point deterioration over a 24 hour period) may be more lenient than others. 2 However, as discussed above, we have found that even a 2-point increase in the NIHSS is clinically significant and may lead to disability or even in-hospital death and therefore should not be discounted. As our standard is to perform the NIHSS in order to assess for ND each morning prior to attending rounds, our ability to measure the precise time each ND actually occurred is less granular than desired. Certain instances of ND (such as ND due to cardiopulmonary arrest) were likely documented with greater temporal precision due to the acuteness and severity of this type of clinical deterioration. In contrast, other etiologies of ND (such as ND due to stroke progression) may be milder or subclinical and only detectable during a physician's neurological examination.
Certainly, because a majority of episodes of ND occurred during the first 24-48 hours of hospitalization, more frequent NIHSS examinations may be warranted. We plan to explore this in future investigations. In addition, our sample includes only White and Black Americans raising questions about its generalizability to other ethnic and racial groups. Further, we included only patients with last seen normal times within 48 hours of arrival, limiting the ability to generalize our findings to non-acute patients. Finally, we are limited by our relatively small number of recorded events.
Despite these limitations, our study is unique in that it describes actual time to ND and factors affecting time to ND. Further, we found that patients with nonreversible causes of ND have shorter times to ND than those with reversible causes of ND. Larger prospective studies are needed to confirm our findings. If the average time to ND is 20 days, a time after the majority of patients have been discharged from the stroke unit, then additional training on the signs of ND may be warranted for rehabilitation specialists and family members. If other studies confirm that nonreversible causes of ND occur significantly earlier than reversible causes, then this information could be used to create stroke unit protocols outlining more frequent reassessment of the NIHSS examination and the order in which diagnostic studies should be performed to determine the cause of ND. 
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